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Following on from the feature in the previous issue on the epi side of the handset battleground, we turn our 
attention to Motorola, a device company that says it is going to surprise the world in CaAs over the coming 
years. 111-k Review spoke with Dr Mark Wilson, Device Engineering Manager at Motorola’s Compound 
Semiconductor-l (CS-1) fab in Arizona, USA. The company has expanded CS-1 into one of the world’s 
largest CaAs manufacturing sites, and has experienced such rapidly increasing demands for its RF products 
that it is expanding capacity once again. 
M ark Wilson has been in GaAs for many years. He spent his frost few years at 
Motorola managing the GaAs de- 
velopment team and in the last 
two years he has moved into the 
manufacturing hot seat with re- 
gards to Motorola’s manufacturing 
factory in Tempe, Arizona, the 
famed CS-1 facility 
“My team has responsibility for 
sustaining and enhancing yield of 
all of the GaAs technologies that 
are in production and the products 
built using those technologies”, 
Wilson says. “All new technologies 
are transferred from our R&D team 
to manufacturing in CS-1 through 
my technology transfer team. We 
are responsible for ensuring that 
the process integration and yield 
enhancement programmes for new 
products introduced using these 
technologies allow us to produce 
these products in high volume 
manufacturing - we have to be 
able to provide the devices in the 
volumes that the market wants.” 
Motorola was among the fust of 
the major western mainstream 
semiconductor companies to really 
commit its own money to mass 
production of GaAs MMICs, largely 
for internal customers. Since then, 
however, the company has as- 
sumed a low profile. 
The uncertainty as to the com- 
pany’s intentions and activities in 
GaAs was further clouded when 
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Motorola announced the sale of its 
Semiconductor Components 
Group (KG) to a private holding 
company In April of this year, the 
Texas Pacific Group acquired basi- 
cally all the discretes business and 
thereby set up one of the world’s 
newest and largest activities in this 
area. 
The GaAs MMIC and RF dis- 
crete operations, however, were 
not included in the sale to the 
Texas Pacific Group. The GaAs 
product portfolio remains a part of 
Motorola SPS Wireless Subscriber 
Systems Group (WSSG) RF/IF 
Division located close to the CS-1 
facility in Tempe, AZ, USA, and is 
now part of Motorola’s Wireless 
and Networking product groups. 
Both the RF/IF Division, within the 
Wireless Subscriber Systems Group, 
and the Wireless Infrastructure 
Systems Division (WED), within 
the Networking and Computing 
Systems Group, expect a minimal 
impact on the RF businesses with 
the separation of the SCG from 
Motorola SPS. SCG has carried the 
focus for standard analog, logic and 
discrete commodity products, 
while RF/IF and WISD continue to 
focus on RF integrated circuits and 
RF transistors. SCG was only a por- 
tion of Motorola SPS, and the re- 
mainder of the Semiconductor 
Products Sector will continue to 
carry on business as usual. 
Figure 1. Motorola’s CS- 1 GaAs manufacturing facility in Tempe, AZ, USA. 
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Figure 2. The ion implantation and rapid thermal processing bay at the CS- 7 GaAs 
m&ufacturing facili&. 
“RF/IF and WISD are likely be 
impacted indirectly because some 
of our products that are currently 
wafer processed, assembled, or 
tested in SCG sites will be moved 
out of those sites”, Wilson com- 
ments. “We have plans for an order- 
ly transition to new sites and these 
are being implemented over the 
next two years.” 
Organizationally we are in manu- 
facturing - or ‘Sector Order 
Fulfiient’ as we call it. That is re- 
ally our focus in manufacturing, to 
full3 our customers’ orders.” 
Device focus 
Evidently, at the same time as 
Motorola had been reorganizing its 
remaining businesses, its GaAs ac- 
tivities became part of the wireless 
group,WSSG. GaAs MMICs are seen 
as crucial to the company’s future 
strategic intentions in this key 
area. Today, Motorola’s GaAs prod- 
uct groups have done a superb job 
of filling CSl with internal and 
merchant market orders: “I think 
the world should know more of 
what we have to offer here at CS-1. 
We are certainly trying to change 
our visibility as we seek more and 
more external business” ,Wilson adds. 
Motorola was well known as a sup- 
plier of a diverse range of electron- 
ic devices but today this portfolio 
has been refocused into key areas. 
“In terms of generic types we 
make almost no GaAs discretes, it’s 
all MMICs.And these products are 
split roughly 50-50 for internal 
consumption versus external mer- 
chant supply”, Wilson explains. 
The GaAs communications 
products area is where the CS-1 
factory is focused: “We are a manu- 
facturing factory just like any of 
the other Motorola silicon fabs, all 
with the same reporting structure, 
accountability, and so on. 
All of Motorola’s GaAs product 
development and manufacturing is 
concentrated at Tempe with the 
exception of assembly “Our manu- 
facturing volume is presently split 
between three technologies, ion 
implanted MESFET MMICs, pHEMT 
MMICs, and what we call E-Mode 
technology”, Wilson says. 
E-Mode is basically a type of 
self-aligned pHEMT but it is truly 
an enhancement mode.This means 
that for power amplifiers it is a to- 
tally single supply operation with 
no need for a drain switch. “It is a 
genuine substitute for an HBT in 
the power amplifier of a handset, 
for example,” says Dr Wilson. 
In keeping with prevailing in- 
dustry thinking, Motorola is very 
interested in HBTs. “These devices 
are something we are in the 
process of adding to our portfolio. 
We think that there are certain ap- 
plications where there is more to 
the requirement than just the need 
for a single power supply There 
clearly are some applications 
where the HBT would be the most 
desirable technology. In the inter- 
im we are addressing that with E- 
Mode but in the long run we will 
have another option with HBT in 
our portfolio”. 
In the previous issue we heard 
from Kopin and others as to the 
epitaxy viewpoint on HBT, and par- 
ticularly that of InGaP versus 
AlGaAs and how HBTs have advan- 
tages over MESFETs. 
As Wilson points out, “Any time 
you pick a device technology you 
can list its advantages and disad- 
vantages. When you look at the 
HBT there are still some concerns 
depending on application over reli- 
ability and so on. The main advan- 
tage most people refer to is the 
very small die size achievable with 
HBTs compared to MESFETs or 
pHEMTs. But when you look more 
closely you see current densities 
start to breach the limits of good 
reliability. By the time you correct 
for this, and put bond pads around 
the design, you could end up with 
not quite as much size advantage 
as you might be led to believe. 
Nevertheless, the HBT is the best 
choice for some applications and 
so it will be another tool in our 
GaAs portfolio”. 
The six-inch issue 
People also talk about the possible 
impact of smaller die on the 
timetable for upscaling to a six- 
inch capable fab. 
Dr Wilson says there are two 
very solid reasons why a factory 
would make the decision to con- 
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vert to Ginch.“The first is capacity: 
Ginch wafers provide between 
2.25 and 2.4 times more usable die 
per wafer than a 4inch waferThis 
is the number one reason we will 
convert CS-1 to 6-inch substrates”, 
he says. “We have made this deci- 
sion, and already started our first 
lots.We decided to convert CS-1 to 
6-inch rather than build another 
factory based on the cost benefits. 
Since CS-l’s equipment set is fully 
6-inch compatible, the conversion 
cost will be less than l/lOth that of 
a new factory This saves tremen- 
dously on depreciation costs, 
which add to manufacturing wafer 
cost. This will allow us to keep 6 
inch wafer cost nearly the same as 
a 4-inch wafer, which means that 
die cost will be reduced sign& 
cantly - which is the second major 
reason to convert to 6-inch”, he 
adds. 
Wilson’s experience has shown 
the industry rule to be true: the re- 
al decision point to go to larger 
wafers rather than more of the 
same size occurs when you begin 
to fill your factory. “This is exactly 
where we are at the moment. At 
present our fab is running 1500 
4-inch wafers per week so we have 
to add capacity to meet future cus- 
tomer needs and match our 
planned growth curve.” The tech- 
nology is already in place for 6 
inch GaAs manufacturing, so this 
is the best choice for increasing 
capacity 
CS-1 is based around what are 
called ‘single wafer tools’. Rather 
than batch processing, these tools 
carry out a given process module 
one wafer at a time.These tools are 
capable of a range of wafer sizes 
and so are readily upgradeable. 
“With our tool set it doesn’t matter 
if you put a 4 or Ginch wafer in the 
tool, it takes about the same 
amount of time to run, the same 
amount of chemicals irrespective 
of the wafer size”, he explains. 
“With a tool like that it doesn’t re- 
ally cost you very much more, if 
anything, to process a bigger wafer 
than a smaller one. Once you are in 
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Figure 3. The PVD processing bay 
that mode you want to process the 
biggest wafer you can get your 
hands on - because it’s going to 
equate directly to cheaper die. 
Those are probably our biggest 
motivations today - adding capaci- 
ty and reducing die cost but with- 
out incurring massive costs for an 
entirely new fab line. So as long as 
you believe that you can make that 
wafer size upgrade then the size 
conversion would by far give you 
the best cost advantage.” 
What’s more, Motorola is less 
concerned about die size than it is 
about die cost. Wilson believes that 
if reducing GaAs die cost is the aim 
then 150 mm must play a key part 
in the planning. The other side of 
the coin is that the only way for 
GaAs to stay cost competitive with 
silicon RF is to move the wafer di- 
ameter up. Silicon is certainly not 
slowing down as that industry 
moves to larger and large wafer 
sizes. He emphasizes, “I am talking 
about RF technology here - if you 
want to compete with BiCMOS 
and LDMOS you are going to have 
to seriously consider moving the 
wafer size of GaAs up into the 
same competitive arena as that of 
silicon”. 
The need to do this type of 
conversion is of course somewhat 
different for digital IC manufactur- 
ers, such as Vitesse Semi- 
conductor, which has already be- 
gun 6-inch operations. “I have 
spent time doing digital so I know 
about the size of the circuits that 
they are processing. Here, yield 
becomes a big factor with a larger 
wafer diameter. When you start to 
talk about 1 cm square die you 
must consider the ratio of die 
numbers on the periphery of the 
wafer compared to the number in- 
side. This ratio greatly improves 
when using larger wafers. Defects 
often occur more on the edge of 
the wafer than in the middle. In 
addition, the advances in equip- 
ment Vitesse realized in its new fa- 
cility for processing large digital 
circuits has to be a big plus”, he 
explains. 
Generally speaking, MMIC die 
are smaller than for digital. This 
means that there is less motiva- 
tion from the yield side for 
MMICs as opposed to digital.“We 
are seeing more integration in 
MMICs today and are certainly 
putting more components on 
chip. Even so, we don’t have 
many die that are even approach- 
ing the size of large digital ICs. 
We have some MMICs we build 
for base stations that are quite 
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large but in the handset arena we 
just don’t yet have the call for 
larger die”. 
New philosophies 
Over the past six months Motorola 
has begun to try to change the per- 
ception that its GaAs operation is 
entirely dedicated to captive sup- 
ply. As Wilson explains, “Two things 
have changed in our philosophy; 
we are now trying to tell the world 
who we are in our GaAs business, 
and to sell our GaAs products 
around the world. Today we have 
made some pretty strong decisions 
to push the commercial side of this 
business.” In the past few years, the 
GaAs group has been doing nearly 
half of its business outside 
Motorola, which is an important 
change in strategic direction. “The 
obvious reason to do this that you 
must keep wafer fabs full for them 
to be cost-effective. If you don’t 
then your business will spiral 
downward because your wafer 
cost is not competitive”, Wilson 
points out. 
Wilson and the wireless prod- 
ucts team have ambitious targets in 
the commercial arena for their 
world-class GaAs products. He 
hints that Motorola is going to sur- 
prise the world in GaAs. “What is 
interesting for GaAs is that busi- 
ness is beginning to grow to where 
we are in a realm of running vol- 
umes that are very similar to some 
of the silicon fabs. High volume 
semiconductor manufacturing is a 
business that Motorola knows how 
to compete in and, as a result, our 
business is growing very substan- 
tially in GaAs.” 
Motorola is focusing on devices 
for the transmitter rather than the 
receiver side of wireless communi- 
cations products such as handsets. 
“We have restricted our attempts 
to penetrate the receive side of the 
radio to a few select applications”, 
Wilson says. “This is because it is 
generically a side of the radio 
where GaAs will have a harder and 
harder time competing in the fu- 
ture.“While there are a lot of bene- 
fits to GaAs on the transmit front 
of hand-held radios, BiCMOS and 
even SiGe will give GaAs quite a 
run on the receive front of the ra- 
dio, particularly for radios operat- 
ing below 1.8 GHz. So Motorola 
has de-emphasized that side and is 
concentrating on keeping its fab 
full on the transmit front. However, 
in higher frequency applications 
GaAs will certainly play a role in 
the receive side as well as the 
transmit side of the radio. 
When asked to amplify a little 
on the respective performance ad- 
vantages of GaAs compared with 
SiGe, Wilson comments that, “It all 
comes down to breakdown volt- 
age. There are no RF technologies 
in silicon that can simultaneously 
offer the performance in terms of 
power density, power added effi- 
ciency and breakdown voltage that 
are needed on the transmit side of 
radios. So, while there is a lot of 
talk about SiGe it still has very little 
advantage if any and has disadvan- 
tages with respect to breakdown 
voltage. Moreover, with the vol- 
umes we see in GaAs today, the 
manufacturing costs have nearly 
intercepted Si, so why not use 
GaAs - the best RF PA technology! 
Right now I think that breakdown 
voltage is a serious limitation to 
the penetration of SiGe in the PA 
arena.” 
Motorola is aware of the incred- 
ible price pressures that are 
presently being imposed by hand- 
set original equipment manufactur- 
ers (OEMs), such as Nokia and 
Ericsson, on components used in 
the transmit chain. “Once again it is 
an absolute reason why Ginch is 
critical”, Wilson says. “There are 
two ways that you reduce the cost 
of a die - one is the cost to run the 
wafer through the fab, the other is 
how many useable die can you fit 
on that wafer; those two determine 
the die cost.” 
Critical to the plans Motorola 
has for the further expansion of its 
CS-1 fab are the 150 mm materials 
themselves. “Certainly for implant I 
am not worried”, Wilson says, “but 
there is a little way yet to go for the 
epitaxy. It is less mature”. 
He says that Vitesse has paved 
the way for implant material, but as 
far as epi is concerned it is still ear- 
ly days. “We are in the early stages 
of our conversion. We have not yet 
sampled 150 mm epiwafers, 
though our first material is immi- 
nent. I believe that it can be done, I 
don’t see any reason why it can’t 
be done, but again you don’t know 
until you have it in your hands.” 
Motorola’s CS-1 fab double 
sources its epiwafers, taking these 
materials from both internal reac- 
tors and also from merchant sup- 
pliers. “I am impressed with the 
fact that some of our suppliers are 
outfitting themselves with genuine 
mass production multiwafer ma- 
chines such as the VG Semicon 
VG150”, Wilson says. “1 think that 
one thing that has to happen in the 
epi business is cost reduction.This 
directly drives our die cost. We are 
pressuring all of our epi vendors to 
invest in large batch size tools be- 
cause it is the only way to bring 
the costs down. I think that is real- 
ly critical.” 
Clearly, Motorola’s CS-1 is on a 
mission to become a world-leading 
supplier of GaAs components for 
wireless handsets worldwide. It 
has an aggressive plan to fully con- 
vert the factory to o-inch sub- 
strates by early next year. This will 
allow considerable expansion ca- 
pacity for future business growth, 
and offer considerable cost bene- 
fits. It must make this transition oc- 
cur as smoothly as possible to 
minimize the impact on a nearly 
full factory. But, if successful it will 
be poised for continued growth 
well into the future. 
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